Dexamethasone-induced acute excitotoxic cell death in the developing brain.
There is substantial evidence that the use of glucocorticoids in neonates is associated with an increased risk of neurodevelopmental disorders. However, it remains unclear how treatment with low doses of dexamethasone (DEX) may result in behavioral abnormalities without evident signs of immediate neurotoxicity in the neonatal brain. It is possible that cells vulnerable to the pro-apoptotic effects of low doses of DEX escaped detection due to their small number in the developing brain. In agreement with this suggestion, low-dose DEX treatment (0.2mg/kg) failed to induce apoptosis in the cortex or hippocampus proper of neonatal rats. However, this treatment was capable of inducing apoptosis specifically in the dorsal subiculum via a two-step mechanism that involves glutamate excitotoxicity. Application of DEX leads to increased activity of CA1/CA3 hippocampal MAP2-positive neurons, as determined by c-Fos expression at 0.5-1h after DEX injection. Five hours later, the apoptotic markers (fragmented nuclei, active caspase-3 and TUNEL labeling) increased in the dorsal subiculum, which receives massive glutamatergic input from CA1 neurons. Pretreatment with memantine, an antagonist of glutamate NMDA receptors, dose dependently blocked the DEX-induced expression of apoptotic markers in the subicular neurons and astrocytes. These findings provide new insights into the mechanisms of DEX-induced neurotoxicity as well as on the mechanism of therapeutic action of antagonists of NMDA receptors against neurobehavioral disorders caused by neonatal exposure to glucocorticoids.